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B wWemax co3qaHHA MaTpHIbI CTaHapTHbIx JIOr- 
yeCKHX WM MapaMeTpHuecKux MOeen IMpoUcitite- 
CTBHM WU aBapvii, OMMCaHHbIX B COOTBETCTBHU C 
«THMOBbIM TMOJIOKCHHEM O CHCTeMe yiIpaBJIeHHA 
oxpaHow Tpygza (CYOT)», mpoaHamm3upoBaHa 
MHOroWakTopHad TexHuyeckad CHCTeMa «qIeub — 
OTJIMBKa — paOOTHHK» [aBYJIbHO-3aJIMBOUHOTO 
yuacTKa cTajlemuTevHoro exa. B  pe3yibrare, 
YUMTHIBAA ONIpesesIeHHble CTATHCTH4eCKHUM METO- 
JIOM BepOATHOCTH BO3HHKHOBeCHHA TIPeIMOCBIIIOK, 
MOCTpOeHbI JIOrM4eCcKHe MOJeIM MpOncIIecTBHH, 
Ha OCHOBaHHH KOTOPbIX Oba MpOu3BeeHa OILeH- 
Ka BO3MO%XHOCTHOM Mepbl pealH3allun BepIInH- 
HbIX UCxo0B (BUM) Ha ypoBHe ZOcTHrHyTOH mpu- 
OnmxKeHHocTH. Jia BM c yyerom rurnMeHuyeckux 
HOPMaTHBOB ~==CcOCcTaBJIeHa TaOIMIa WMHTepBasIOB 
3HAYeHHU MapaMeTPOB BO3JICHCTBHA UH BOCIIPHUM- 
4HMBOCTH B IWITATHbIX HW aBaPHMHbIX YCIOBUAX padvo- 
TbI CHCTEMbI, a TaK2#Ke MOCTPOeHa BO3MO2KHOCTHAA 
(bopMa dyHKiHWu peasru3anun BU, temonctpupy- 
folllad CTeMe€Hb OTKJIOHCHHA MapamMetTpa BpesHOrO 
(OlacHOro) (bakTOpa OT HOPMATHBHBIX 3HaveHHH. 


Ku1r0ueBbie CJIOBa: TEXHH4YeCCKad CHCTeMa, JIMHT- 
BHUCTHYeCKad MO eJIb, BEPIIMHHbIM Ucxon, CYOT, 
JIOTM4eCKAaA MOJICIIb 


Bpejenne. B kayectBe oObeKTa UCCIeOBaHuA 
aBTOpaMH Oba BbIOpaHa TexXHuYecKad CHCTeMa 
«meub — OTJMBKa — paO0OTHHK» IJIaBYJIbHO- 
3aJIMBOUHOTO y4acTKa CTasleMTevHoro wexa Ne 40 
OOO «IIK HOB3», rae npou3BoguTca 327 BUAOB 
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In order to create a matrix of standard logical 


and parametric models of accidents and emer- 
gencies described in accordance with the "Mod- 
el Regulations on Occupational Health and Safe- 
ty Management System (OHSAS)", the paper 
analyzes multivariable technical system "furnace 
— casting — worker" of melting and casting site 
of the foundry. In the result, taking into account 
probabilities of preconditions occurrence found 
by the statistical method, the authors have built 
logical models of accidents on the basis of 
which has been made the assessment of possibil- 
ity measures of implementation of apical out- 
comes (AQ) at the level of the degree of approx- 
imation. For AO given hygienic standards, a ta- 
ble was drawn up of intervals of influence and 
susceptibility parameters values in normal and 
emergency system conditions. The possibility 
form of function of AO implementation showing 
the degree of deviation of the harmful (danger- 
ous) factor parameter from the standard values 
was built. 


Keywords: technical system, linguistic model, 
apical outcome, OHSAS, logic model 


Introduction. As the object of study, the au- 
thors have chosen the technical system "furnace 
— casting — worker" of melting and casting site 
of steel shop No. 40 OOO "PK NEVZ", which 
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WeTasew JIA SICKTPOBO30B. PacnaB cTasIM Mosy- 


yaloT Ip MOMOIIM AYrOBON CTasleluaBYJIbHOU Me- 
qu JICS5M, 1a W3r0TOBKH OTJIMBOK MPpWMeHAIOT 
TlecuaHble (OpMBI. 

TexHONOrMyuecKHH Wpormecc B paccMaTpuBae- 
MOH TeCXHHYeECKOH CHCTeMe OCYIIeCTBIAeCTCA M0 
cxeMe: «3aBaJIKa JIOMa — IIpOqyBKa — B3ATHE 


IpoObl, 3aMep TeMIlepaTypbI — CIIMB  MeTalI- 
a — CMB Wwiaka — 3aIMBKa paciiaBa B Iecua- 
HbIe (POPMbI — U3bATHE OTIMBKYD». 

Jia OWe€HKM BepoATHOCTH peamm3auuH BU 
HeEOOXOJIMMO BBINOJIHUTb px, ycuoBuH [1-3]: 

1) MOCTPOUTb JIMHTBUCTHYeCKY!IO MOJIeJIb Tpo- 
MCIUeCTBUH; 

2) BbIOpaTb BUM cormacHo «TunoBpomy noso%«Ke- 
HuIO O CYOT»; 

3) MOCTpOuTb JOrMYecKHe MoyeIH BU c ya4eTom 
IOJIHOrO Habopa CBA3EH TIPeAMOCBIJIOK; 

4) paccuuTaTb BO3MO%KHOCTHY!O Mepy peasiu3a- 
uuu BU. 

HlocTpoenne JIMHIBHCTHUeCKON MOI Ipo- 
nuculecTBHH. JIMHTBUCTHYeCKad MOeIIb MpoOUciite- 
CTBHM CTpOUTCA Ha OCHOBaHHU aHasIn3a MOTeHIIH- 
aJIbBHOM OMaCHOCTH TEXHUYeECKOM CHCTeEMBI. 

B 9JIeMeHTe CHCTeEMBI «edb — paOOTHHK» OBI- 
NM WAeHTHUPUUMpOBAaHbI ClexyoOluwe BpeHbIe U 
OlacHble IpOM3BOJ.CTBeHHbIe (pakToppl [4]: 

— WHdpakpacHoe u3iryyeHHe, BO3HMKarollee 
BBUAY OTCYTCTBHA CpeACTB KOJIICKTHBHONM 3allMTbI 
(BO3TYIUHOrO yIIMpoBaHHA), KOTOPOe MOXKEeT 
CTaTb HPH4HHOU TelmIOBOrO yaapa y paOoTHHKa C 
JasIbHeMIeH MOTepeH CO3SHAHHA IPH yCIOBMU He- 
HMCHOJIb30BaHHA CpeJICTB MHAMBULYaIbHOW 3alllMTbI 
(BOMJIOUHOM IVIATIBI); 

— yJIbTpamuoueTOBOe wu3ty4eHue paciisiapa, 
KOTOPOe IIPHBOAUT K OXKOTY CeTUaTKM U KOHBIOHK- 
THBbI ria3a paOOTHHKa B Cily4ae HEMCIOIb30BaHHA 
CpeyCTB WHAMBUAyaIbHOM 3allIMTbI (3alllMTHBIX 
OUKOB). 

JIEMeCHT CHCTeMBbI “OTJIMBKa — PpaOOTHHK>> xa- 
pakTepu3yeTca IIpHCyTCTBHeM: 

— BpeHbIX apoB u ra30B (NO2, CO, SOd2), 
BbIJCIIAIOMIMXCA 3-38 HEMCMpaBHOCTH CpeJICTB 
KOJWICKTHBHOM 3alllMTbI (BbITAXKHbIX 3O0HTOB), CIIO- 
COOHBIX BbI3bIBaTh OTpaBJIeHHe OpraHv3Ma TIpu 


IIPOJOJDKUTCJIBHOM BO3J/CHCTBHH Ha paOoTHuKa 
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produces 327 types of parts for electric locomo- 
tives. The molten steel 1s obtained by using an 
electric arc furnace DS5M, sand molds are used 
for castings. 

The technological process in the considered 
technical system is carried out according to the 
scheme: "scrap charge — blowing in — sam- 
pling, temperature measurements — tapping — 
tapping of slag — melt loading in the sand cast- 
ing — casting removal". 

To assess the probability of AO implementa- 
tion, a number of conditions must be met [1-3]: 

1) build a linguistic model of accidents; 

2). choose AO according to the "Model Reg- 
ulations on OHSAS"; 

3) build logical models of AO taking into ac- 
count the full set of precondition relationships; 

4) calculate the possible measure of the AO 
implementation. 

Building a linguistic model of accidents. 
The linguistic model of accidents is based on the 
analysis of potential danger to the technical sys- 
tem. 

The following harmful and dangerous pro- 
duction factors were identified in the element of 
the "furnace — worker" system [4]: 

— infrared radiation arising due to the lack 
of collective protective equipment (spot cool- 
ing), which can cause heat exhaustion of an 
employee with the further loss of consciousness 
under the condition of non-use of personal pro- 
tective equipment (felt hats); 

— ultraviolet radiation of the melt, which 
leads to a burn of retina and conjunctiva of an 
employee's eye in case of non-use of personal 
protective equipment (protective eyewear). 

Element of the system "casting-worker" is 
characterized by the presence of: 

— harmful vapors and gases (NO2, CO, 
SO) released due to malfunction of collective 
protection means (exhaust hoods) capable of 
causing poisoning at prolonged exposure of an 
employee without personal protective equip- 
ment (respirator); 
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Oe3 CpeJCTB HHIMBUyasIbHOM 3alllMTbI (peciiupa- 
Topa); 

— OpbI3r paciiwaBJIEeHHOrO MeTasiia, KOTOpbIe 
MOryT HOWacTh Ha He3all{MIeHHble cpeJICTBaMu 
VHIMBULYaIbHOH 3alllMTbI (Ope3seHTOBbIMU pyKa- 
BUUaMH) yYaacTKH WpesMWiewui paOoTHukKa, MpUBo- 
JA K TEDMUYCCKOMY OXKOTY. 

Bce Bbiillenepe4uucIeHHble IpOMCIIeCTBHA U UX 
TIPCAMOChIIKH CIIyKaT UCXOXHbIMM JIAHHbIMM JIA 
IMOCTPOeCHHA JIMHTBUCTHYeECKON MOJIeJIM, IpeycTaB- 
NIeCHHOM Ha puc. |. 


VUndpakpacuoe 
w3s1y4eHue 
Infrared 
radiation 
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TensIoBon yap 
Heat stroke 
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— splashes of molten metal that can get on 
the unprotected personal protective equipment 
(tarpaulin gloves) areas of an employee's fore- 
arms, leading to thermal burns. 

All of the above-mentioned accidents and 
their preconditions serve as initial data for the 
construction of the linguistic model presented in 
Fig. 1. 


Iloreps co3sHaHHa 
Loss of 
consciousness 


YubtTpaduose- 
TOBOe H3IyueHHe 
Ultraviolet 


Pacmu1aBsIGeHHbIn —- 
radiation 


MeTasuI 
Molten metal 


Ilappi u ra3bI 
Vapours and 
gases 


Bpsi3ru Me- 
Tasa 
Metal splashes 


Pa3s1eT 
Spraying 





IloppexqeHve CceTuaTKH U 
KOHBIOKTHBBI 1a3a 
Damage to retina and con- 
junctiva of an eye 


OtpapeHnue 
Poisoning 


Busrxanne 
Inhalation 


IlonayjaHue Ha 
lipew1eube 
Hitting the 
forearm 


O>xor peynse- 
UbaA 
Forearm burn 


Puc. |. JImarsuctTuyeckasd MOJesIb IpONciiecTBHA 


Fig. 1. Linguistic model of an accident 


Bai0op BHM corsacno «TunoBomy m0.10%«e- 
HHIO O CYOT». B kKayectTBe onacHocTev, mper- 
CTaBJIAFOINMX YIpO3y %*XU3HU UW 320POBbrO pabdorT- 
HMKOB, B «IT MMOBOM NouOxXeHHU O CYOT» mpen- 
CTaBJICHbI MHO?2KeCTBAa WH TMOAMHOKecTBa BV [5]. 
VM3y4aemou TexXHH4eCKON CHCTeEMe COOTBETCTBY- 
FOT Cue TyroumMe: 

BU1 — ucxoy TensoBporo yyapa OT BO3zen- 
CTBHA OKpy?Karolliux MOBepXHOcTeH OOOpy0Ba- 
HMA, UMeEFOUIMX BbICOKy!O TeMIepartypy; 

BU2 — ucxog oT oxora poroBusl r1a3a; 

BU3 — ucxoy oT oOpa30BaHva TOKCHUHBIX 
TlapoB lIpu HarpeBaHuu; 

BU4 — ucxony onkora OT BO3TCHCTBHA Ha He- 
3alllMI[eHHble y4acTKH Tesla MaTepHasOB, 2*KUKO- 
CTeH UWJIM Ta30B, MMCFOIIUX BbICOKYyFO TeMMepaty- 
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Selection of AO according to the ''Model 
Regulations on OHSAS". Sets and subsets of 
AO [5] are presented in the "Model Regulations 
on OHSAS" as the hazards that pose a threat to 
the life and health of workers [5]. The following 
correspond to the studied technical system: 

AO 1 — heat stroke outcome from the 1m- 
pact of the surrounding surfaces of the equip- 
ment having a high temperature; 

AO 2 — corneal burns outcome; 

AO 3 — outcome from the formation of tox- 
ic fumes when heated; 

AO 4 —outcome from the burn from the ex- 


posure of unprotected parts of body to materials, 
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PY. 
Iloctpoenne Jormuecknx mMoyeten BH c 


yueTroM N1OJIHOrO Hadopa cBA3eH MpeNOcBKI- 
amok. Jloru4eckve Moyemu BU crpostca Ha OCHO- 
Be OeCHOBTOPHBIX OyeBbIX (PYHKIMH WU UX M3b- 
FOHKTHBHOM HW KOHBIOHKTHBHOM (opm. IIpu stom 
YUUTHIBAIOTCA CTATHCTHYCCKH OLIpeesICHHbIe Be- 
POATHOCTH BO3HHKHOBCHHA TpeAMOCbIIOK Mpo- 
uciuecTBunH | 1—3]. 

Ilo cBeqeHuaAM CIIyKObI OxpaHbI Tpytqa OOO 
«IIK HDB3» 3a roy peructpupytotca ciryyan He- 
HCIOJIb30BaHHA CpeJICTB HHJMBUAyabHOU 3alllu- 
ThE y 34% paOoTHHKOB CTasleMTeMHOrO Lexa, 
IIpPH 9TOM He COOIOaIOT TEXHOJIOIM4eCKHH Ipo- 
wecc oxo0 10 % [6]. 

Bpeyem cirexyrommMe OOO3HayeHH A: 

y, — BUI; 

X11 — oTcytcTBue CK3 (Bo3ayuIHOrO JymIM- 
poBaHua), x) ;=1; 

X12 — HellpuMeHeHve CH3 (Bomn04HON WHIA- 
IIbI), Xj2=0,66. 


Toraa 
YVj=X11AX12ANN}, (1) 

rye tj=/ = IJIY; — ycnosne npessiiiieHua BO3- 
JIeMCTBUA Haj, BOCIIPHUMYUBOCTHIO (IOTepsA Co- 
3HAHMA BO3MO2XKHA IPH MpeBbIMIeHHM MpeebHO- 
qomycTumMoro ypoBHa ITY; WHTeHCHBHOCTBIO 
TenoBoro noTOKa /). UnTepBanbl 3Ha4yeHui Ma- 
PaMeTpOB BO3eCMCTBHA UW BOCIIPHHMU4UBOCTH B 
IITATHBIX WU aBaPHMHbIX YCJIOBHAX CHCTeEMBI 
IIpeqcTaBeHb! B Tabs. | [7, 8]. 

O0o3HayduM 

y2 — BU2; 

X21 — HenpumMeHeHue CV13 (3alMTHBIX O4KOB), 
x2,=0,66. 


Torga 


Y2=X21Ah2, (2) 


rye to=k>1)Y2 — ycnospue NoBpexeHHA CeT- 
yaTKH WM KOHBIOHKTHBAI T1a3a (MOBpexeHue 
MpOHCXOQHT pH TIpeBbilieHHu MpeesIbHO- 
momycTumMoro yposya IIJlY¥2 spHTeMHsbIM MOTO- 
KOM yiIbTpaduoueTOBOrO U3sy4eHHA E). 


Jia TpeTbero BeplIMHHOTO HCxoya TpHMemM 
cneyrolie 0003HadeHuA: 
y3 — BUS; 
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liquids or gases having a high temperature. 

Construction of logical models of AO tak- 
ing into account the full set of precondition 
relationships. Logical models of AO are con- 
structed on the basis of repetition-free Boolean 
functions and their disjunctive and conjunctive 
forms. This takes into account the statistically 
certain probability of occurrence of accident 
preconditions [1-3]. 

According to the labor protection service of 
OOO "PK NEVZ" every year, there are record- 
ed cases of non-use of personal protective 
equipment in 34% of the steel shop workers, 
while not complying with the process is about 
10 % [6]. 

We introduce the following notations: 

y;— AO 1; 

x13; — absence of collective protective 
equipment (spot cooling), x7;=1; 

x12 — non-use of PPE (felt hat), x;2=0.66. 

Then 

Yj=X11AX12AN}, (1) 

where ¢,;=/ > ITY, — a condition of excess 

of exposure over susceptibility (loss of con- 

sciousness is possible when exceeding the max- 

imum permissible level MPL; of intensity of the 

heat flux /). Intervals of values of influence and 

susceptibility parameters in regular and emer- 

gency conditions of the system are presented in 
Table 1 [7, 8]. 

Let us specify 

y2- AO 2; 

X2;-non-use of PPE (protective eye wear), 


x2;=0.66. 
Then 


Yo=X21Ah2, (2) 


Where t=E>IT[Y> is the condition of dam- 
age to retina and conjunctiva of an eye (damage 
occurs when the maximum permissible level of 
MPL, is exceeded by the erythema flow of ul- 
traviolet radiation £). 


For the third apical outcome, we will specify 


Pp: ps-journal.ru 55 








Safety 
x31 — HecoBepmeHcTBO CK3 (BBITS>KHBIX 30H- 
TOB), x3;=1; 
x32 — HelpumMeHeHue CVH3 (pecnuparopa), 
x32=0,66. 
Torga 


(3) 


rye t3=n>I1J[K,; — ycnosue oTpapseHusa (OTpaB- 


V3=X31AX32AN13, 


NeHWe TIpOMCXOJMT Mp TWpeBbilweHuu Wpeyesb- 
HO-JOMYCTHMOM KOHIeHTpamnu IIJ[K; BpeaqHoro 
BeIINeCTBA 72). 

J\uif 4“eTBeEpTOrO BeplIMHHOTO UCcxXOoya HpwMeM 
cneyroue OO03HadeHusA: 

y4 — BY4; 

X41 — HapylleHue TEXHOJIOrM4eCKOLO Iporecca, 
x4,=0,90; 

X42 — HelipuMeHenue CU3 (Ope3eHTOBbIX pyKa- 
BUI), X42=0,66. 

Torga 

y4=(%41VX42)At4, (4) 

roe t4=L6p2/ mun —- YCIIOBME MOJy4eHHA O7KOFA 
(O%KOF HacTyiaeT, ecu TeMlepaTypa Oppi3r Me- 
Tamia 75, IpeBbiliaeT MHHUMAJIbHYy!O TemIlepa- 
Typy Asia oKOTA Ti). 
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the following notations: 
y3- AO3; 
x3;-Imperfection of CPE (exhaust hood), 
X3/=1; 
x32 - non-use of PPE (respirator), x32=0.606. 
Then 


(3) 


where f3=n>IIJ[K; — condition of poisoning 
(poisoning occurs when exceeding the maxi- 
mum permissible concentrations MPC,of harm- 
ful substances n). 

For the fourth apical outcome, let us specify 
the following notation: 


V3=X31AX32NB3, 


y4- AO 4; 

X47 — violation of technological process, 
x4;=0.90; 

X42-non-use of PPE (tarpaulin gloves), 
x42=0.66. 

Then 


ya=(X41VX42) Ata, (4) 

Where t4=T6p>Tvun — the condition of the 

burn injury (the burn occurs when the tempera- 

ture of weld spatter 75, exceeds the minimum 
burn temperature 7x). 


Taosutta | 
Table 1 


Homep 
(baxTopa, t 
Factor 
number, t 


MuHTepBasibI 3Ha4eHUH MapaMeTpoB BO3JeCHMCTBHA WU BOCIIPHUMUUBOCTU 


B WTaTHBIx aBapHUHbIX YCJIOBUAX paOoTsI CUCTCMBbI 


Intervals of values of influence and susceptibility parameters 


in regular and emergency conditions of system operation 


HavumMenHosaHie 
(bakTOpa UM ero ma- 
pametpa; 0003Ha- 
yeHuHe, pa3Mep- 
HOCTb 

Name of the factor 
and its parameter; 
designation, dimen- 
ston 


Mv3Mu4ecKHH, UH- 
TCHCHBHOCTb-_ TEII- 
NOBoro moToKa; J, 
Br/m- 

Physical, heat flux 
intensity; I, W/ m 


OULyTUMBIH—p- 
(peKT JleHCTBUA Ha 
OHOBH, 

t= 1 

Perceptible effect 
of an action on 
biospecies, 

i=] 


ITY MK- 
W3J1y4eHuA 

MPL of IR radia- 
tion 

Su 2ru 

a co 280+560 

51, = 2500 
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SHAUHTeCIbHBIN = 90p- 
(peKT TeHcTBHA, 

t=2 

Significant effect of 
an action, 

f= 2 


| on0BoKpyxxKeHHe 
Dizziness 

Siu 2ri2 

rio = 2100=3500 
51, = 2500 





KputTuyeckni 
(JIeTaJIbHBIM ) 
39ddekT nen- 
CTBHA, 

i=3 

Critical (lethal) 
effect of an ac- 
tion, 

i=3 


TemloBou yap 
Heat stroke 

Su 2713 

V13 > 3500 

511 = 2500 






Mu3v4ecKHH, 93pH- 
TeEMHBIM TMlOTOK 
yIbTpapuoseTOBO- 
ro wu3syuenua; &E, 
MP-a/M- 

Physical, erythemic 
flux of ultraviolet 
radiation; 


XMMMYeECKHH, KOH- 
IWeHTpauua Bellle- 
ctsa (NO>); n, r/M” 
Chemical, concen- 
tration of substance 
(NO>); n, g/m 
TepmMuueckun, 
TeMlepatypa 
OpE3rH; Top, °C 

the tem- 


Thermal, 
perature of weld 


u » / 
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HWY YO- ns3qny- 
qeHHA 

MPL of UV radia- 
tion 

$21 2 121 

ro, = 7,5 

ot = 30 


IIJIK Bemrectsa 
MPC of a_ sub- 
stance 

$31 2 131 

'3, = 2 

ie = 2 
JjolrycTuMoe 3Ha- 
yeHue Temilepa- 
TYpbI 

Permissible tem- 
perature value 


Pa3qpaxxeHue 
Irritation 

$21 2 122 

ro2 = 10+60 
ne = 30 


Iloreps co3HaHuA 
Loss of conscious- 
ness 

$31 2 32 

32 = 20 

or = 22 

Oxor 1-1/2-H crTe- 
TIeHu 

Ist/2nd degree burn 
S41 2 142 

rao = 50+100 


OoKOr POroBUIIbI 
Corneal burn 
$21 2 123 

123 > 60 

4 = 30 


OtpaBsieHue 
Poisoning 
§31 2 133 
cose = 200 

= 2,2 
Oxor 3-H/4-H 
CTelleHu 
3rd/4th degree 
burn 
S41 2 143 


S41 2 141 
Vay = 45 
S41 = 400 


spatter; Tsp, °C 


541 = 400 43 > 100 


S41 = 400 


IIpumeuanne: 3HadeHuA MapaMeTpoB $1; HW S21 ObWIM MOJTYYeHbI B pe3yJIbTaTe pacyeTa IO ciie- 


MYyFOIMM (opMyi1aM: 


* Note: the values of parameters s1; and S2; were calculated using the following formulas: 
l=p/r’, 


rye Pp — WIOTHOCTb TeMJOBOrO HOTOKa, BT; r — 


paccTosAHHve TO UCTOUHNKa, M. 


where p is the heat flux density, W; r is the distance to the source, m. 
E=elr’, 
rye € — 9PHUTeMHbIM MOTOK, MOP-4; r — paccTOsHHe JO UCTOUHUKA, M. 
where e — erythemal flow; r — distance to the source, m. 
” 3Hauenne lapaMetpa $3; OlpeyesIeHO H3 KapTHI ClelMasIbHOM OMCHKU YCIOBMUM Tpyya padvo- 


Gero MCCTa CTajICBapa. 


** The value of the parameter s3; was determined from the special assessment card of the work- 





ing conditions of the steelworker's workplace. 


AHaiH3 TadsMubl | WoKa3bIBaeT, 4TO Tapa- 
METPbI BCCX BPeCAHbIX HW OMaCHbIX (PaKTOPOB Lpe- 
BbIMa‘OT JIOMYCTHMble 3Ha4eHHA, OKa3bIBad pa3- 
NMYHbIM IPMeKT WeHcTBUA Ha OpraHH3M: (u3H- 
yeckHe (akTOpbI — 3HAYUTCJIBHbIM IPMeKT, XH- 
MMYeCKHM (akTOp — OLLYTUMBIN 39ddexT, Tep- 
MM4eCKHM — KpuTuyecKui 9MCexT. 

B utore K HoTepe padOoTocnocooHocTu Mpu- 
BOJMT peasM3alua OHOrO W3 WpeyCTaBJICHHbIx 
poucmiecTBun. TakuM o0pa30m, Wosryyaem JIO- 
ruyeckoe ycuIOBHe TOTepH padoTociocoOHocTu 


paOoTHHKOM B 3a,aHHOM TeEXHUYeECKON CHCTeMe: 
Y=y|Vy2Vy3V 4. (5) 
-// S-journa 


The analysis of Table 1 shows that the pa- 
rameters of all harmful and dangerous factors 
exceed the permissible values, providing a dif- 
ferent effect on the body: physical factors - sig- 
nificant effect, chemical factor - perceptible ef- 
fect, thermal - critical effect. 

As a result, the implementation of one of the 
presented accidents leads to the loss of efficien- 
cy. Thus, we obtain a logical condition for the 
worker's loss of efficiency in a given technical 


system: 


Y=y|VyoVy3Vy4. (5) 
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IIpeoOpa30BaHne JormuecKOH MOEN B 
HeYeTKYIO (BO3MOXKHOCTHY!O) MOeIb. [Ipeod- 
pa30BaHve slorMueckoi (OyneBow) dyHKUMH 
IIPOMCIICCTBHA B BO3MO%KHOCTHY!O (HeYETKYIO) 
(DOpMy IIPOMCIIeCTBHA MpOu3BOUMTCA pu 0- 
MOM OlepaTopa BO3MOX%XKHOCTH (possibility) Pos 
[1-3]: 


V{=X11A%12NN, 


I1,=Pos(y1=l)=min( My, + Ty, 7 Me, )} ©) 
rye Ty, =PosU =ITLY 1); 
y2=X21A12, 
Th=Pos(yx=1)=min(Tg,, 3 Te)» (7) 
rye Te, =Pos(E = ITTY >); 
Y3=X31AX32N13, 
TT3=Pos(y3=1)=min(My, ; Ty,3 Me, ), (8) 


rye Ty, =Pos(n = MYAK1); 

y4=(X41VX42)At4, 
[14=Pos(ya=1)=min(max(Thy, , 5 Ty, )i TE, ), (9) 
rye Th, =Pos(1 6p 2m); 

Y= yivy2Vy3VV45 
ITy=Pos(¥=1)=max(Ty, ; Ty) Wy, My, = 
max(min(Tly, |; Thy, Te, ); 
min(Tly, + Te, Ni 


MIN Thy Thy) Tle, ); 


min(max(Tly, 5 Ty, ); Ty, )). (10) 


Mopmysia (10) aBiaaeTca UTOrOBON JIA olmpe- 
J€ICHUA BO3MOXKHOCTHOM MepbI NOTepu padoTo- 
CHOCOOHOCTH paOOTHHKOM. 

PacueT BO3MO2%KHOCTHOM Mepbli peaJIn3alnn 
BH. 3akir0unTesIbHEIM 9TAIIOM B OIICHKe BO3- 
MOXKHOCTHOM Mepbl peasm3auHHu BU aBnaerca 
olpeyemeHve 3HayYeHHA MpwBeeHHOTO 3ariaca 


Gesonacnocru ZD (TaOn. 2), YYHTbIBaFOMero T10- 
rpemmHoctu C3 (6,=0,5) u cpeycts u3MepeHusa 
(6,.=0,5)  dyHKumio ocma6nenna (f=0,5) [1-3]. 
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Transformation of logical model into fuzzy 
(possibilistic) model. Transformation of logical 
(Boolean) functions of the accident into possibil- 
istic (fuzzy) form of the accident is provided by 
the possibility operator (possibility) Pos [1-3]: 

YIFX11AX12AN1, 

IN=Pos(y1=l=min(Thy, , + My, .7 Te, ), 
(6) 


where Tl, =Pos(I =IT1Y 1); 
y2=X21 N12, 
Ih=Pos(y7=1)=min(Ty, , ; Te, ). 
where Tl, =Pos(E > H{Y2); 


(7) 


Y3=X31AX32AN13, 
II=Pos(y3=1)=min( Thy, , ; Tyo? Ml, }} 
(3) 
where Tl, =Pos(n > TK); 
Ya=(X41VX42) Ala, 
II4=Pos(y4=1)=min(max(1,, iat Ty, ..)3 Tk, ), 
(9) 
where Tl, =Pos(Top 2T wu); 
Y = yjVy2Vy3V Ya, 
ITy=Pos(Y=1)=max(Tly, 7, Ty, Wy, Th, = 
max(min(Thy, ,; My, 1 Mt, ) 
min( Thy, + Thy, 7 
min( Tl, u ",.? ™, ); 


min(max(Tly, ; Ty, ); TM, )). (10) 


Formula (10) is final to determine the possi- 
ble measure of the worker's loss of productivity. 

Calculation of possible measures of AO 
implementation. The final step in the assess- 
ment of possible measures of AO implementa- 
tion is the value definition of the given margin of 
security ZD (Table. 2), taking into account the 
errors of PPE (6, =0.5) and measuring instru- 


ments (6,=0.5) and the attenuation function 


(f=0.5) [1-3]. 





Tadmuna 2 
Table 2 


VUcxoaHble JJaHHble U pacueTHble 3HaveHHA TIpHBeJeHHOrO 3atiaca Oe30NacHOcTU 
JIA OlIpeAeICHHA BO3MOXKHOCTHOH MepbI peasu3annu BU 


The initial data and the estimated values of margin of security 
y to determine possible measures of AO implementation 


HaumMenosaHie, PopmMysia 
Name, formula 
IlapameTp BOCHpHUM4YMBOCTH, r 
Susceptibility parameter, r 
IlapamMeTp Bo3}eHcTBHA, 
Influence parameter 
s=V-f 
[lorpeliHocTs cpeyCcTB 
W3MepeHHaA, 


Errors of measuring instruments 


Ilorpemmocts CH3, 
Errors of PPE 
A, =6,°s 
IlpuBeyeHHsIN 3arac 
Oe30NacHOCTH, 


Estimated margin of safety 
(r—s) 
(A.+A4g3) 


Bo3MO2KHOCTHaA Mepa, 


zb = 


Possible measure 


m= 1—zb 





Ha OCHOBaHHM TIOJYYeCHHBIX JaHHbIX CTPOMM On the basis of the obtained data, we con- 
BO3MOX%KHOCTHYHO (bOpMy @yYHKIIMM peasm3alnu struct a possible form of the function of AO im- 
BU (puc. 2) [9]. plementation (Fig. 2) [9]. 
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Puc. 2. Bo3MoxkHOCTHad (POpMa PYHKIMUH pearu3annHH BU 


Fig. 2. The possible form of the function of AO implementation 


Bo3MO2%KHOCTHad Mepa TOTepu paovoTo- 
CIOCOOHOCTH PpaOOTHHKOM COCTaBHT BeJIMUUHY, 
paBHYto: 

[T>=Pos(Y=1)=max(min(1; 0,66; 0,23); min(0,66; 
0,20); min(1; 0,66; 0,42); min(max(0,90; 0,66); 
0,14))=max(0,23; 0,20; 0,42; 0,14)=0,42. 


3akuro4eHne. B pe3ylbTaTe UcCcueqOBaHHA 
JIA TEXHHYECKON CHCTeMBI «Iedb — OTIIMBKa — 
paOoTHUK» OBI BbIABJICHbI HanOouee xapak- 
TepHble BpeJHbIe HU ONACHbIe MPOU3BOCTBeEHHBIe 
(PaKTOPHI, NPUBOAAIIMe K pa3sIM4HOrO poya upo- 
MCIIeCCTBHAM, HW MOJYYeHHI CueTyroMMe 3HaYeHHA 
BO3MO2KHOCTHOM MepslI peamu3auun BU: 

BUI (ucxog oT Tenmo0Boro yyapa) — 23 %; 

BU2 (ucxoy OT Ox*KOra pOroBHubl ria3a) — 
20 %; 

BU3 (ucxog oT oTpaBseHus) — 42 %; 

BMW4 (ucxog oT oxKora Hpesnerbs) — 14 %. 

Bo3MO2%KHOCTHad Mepa ToTepu padoToci0co6- 
HOCTH paOOTHUKOM B 3a/JaHHOM TEXHH4eCKON CH- 
cTeme cocTaBsiaeT 42 %. 
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The possible measure of the worker's loss of 
productivity will be equal to: 

[T>=Pos(Y=1)=max(min(l; 0,66; ~—- 0,23); 
min(0,66; 0,20); min(1; (0,66; 0,42); 
min(max(0,90; 0,66); 0O,14))=max(0,23; 0,20; 
0,42; 0,14)=0,42. 


Conclusion. As a result of research for the 
technical system "furnace-casting-worker" the 
most characteristic harmful and dangerous pro- 
duction factors leading to various kinds of ac- 
cidents were revealed, and the following values 
of possible measure of AO implementation were 
received: 

AO 1 (heat stroke outcome) - 23 %; 

AO 2 (outcome from cornea burn) — 20 %; 

AO 3 (outcome from poisoning) - 42 %; 

AO 4 (outcome from forearm burn) — 14 %. 

The possible measure of the worker's loss of 


productivity in a given technical system is 42%. 
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